An assessment of the severity of iodine-deficiency disorders and of the iodized salt programme in Laos was undertaken in 1996 through a field study among 957 schoolchildren in seven schools of different regions in Laos. Urinary iodine concentrations in 225 samples were remarkably lower in schools from the north than in those from the south, a finding similar to that from a national survey in 1993. However, in 1996 the median concentrations of urinary iodine were much higher than in 1993: 85 versus 5 µg/L in the northern sites and 195 versus 22 µg/L in the southern sites. The prevalence of consumption of iodized salt, introduced only six months to one year before, had increased from 69% to 91%, levels that could explain the nearly normal and normal urinary iodine concentrations. The wide range of mild to very severe iodine-deficiency disorders found by palpation of goitre most likely reflected a delay in the regression of the thyroid gland due to the rather recent introduction of iodized salt and due to the varying severity of iodinedeficiency disorders in the different sites before the start is affiliated with the goitre section of CEMUBAC and the School of Public Health of the Université Libre de Bruxelles.
Introduction
Iodine deficiency manifests as goitre and a range of other physical and mental handicaps, collectively included in the term iodine-deficiency disorders. Iodinedeficiency disorders are primarily caused by an environmental deficiency of iodine in the soil and hence in locally grown food. Control of iodine deficiency is best achieved by salt iodization, but complementary methods, such as slowly resorbable iodized oil, were sometimes used as emergency measures before the start of iodized salt programmes [1] [2] [3] [4] [5] [6] [7] [8] .
South-East Asia and the Western Pacific together account for more than 50% of the world's population at risk for iodine-deficiency disorders [1] [2] [3] . Laos, with an area of 235,000 km 2 and a population of around 4 million, has a low population density of 17/km 2 . The problem is aggravated by accelerated deforestation and soil erosion. The country is landlocked and shares 4,000km borders with China, Viet Nam, Thailand, Cambodia, and Myanmar. The country has a very low gross national product, and access to medical care and other social services is restricted for most of the largely rural population [9] .
Iodine-deficiency disorders have been recognized in Laos for a long time [10] , but it was only in the early 1990s that the health authorities, together with different multilateral agencies and consultants, began to plan a countrywide control strategy [9, [11] [12] [13] [14] . This was part of a drive by UNICEF, the World Health Organization (WHO), and the International Council for the Control of Iodine-Deficiency Disorders (ICCIDD) to virtually eliminate iodine-deficiency disorders from the world before the year 2000. In 1993 a UNICEF-supported national survey recognized widespread iodine-deficiency disorders throughout Laos. At that time six main sites of salt production from underground salt brines of moderate capacity and six other sites with low capacity were identified [14] . The equipment to convert the underground salt brines into salt by evaporation of brine in open vats was old, extremely simple, and consumed large quantities of wood. The salt produced was of unknown quality but appeared as very white, clean, small crystals.
After the national survey, equipment for salt iodization with potassium iodate was specified and provided to all six major plants through an agreement between UNICEF and various governmental ministries. Money to buy the plants and the potassium iodate came from a donation from the German government. Later, mediumsized salt-iodization machines and hand mixers were provided to most small-scale producers and are still being tested. It is difficult to accurately assess the amount of salt that is imported, but it has been estimated that the local annual production reaches over 90% of the total demand of about 25,000 tons.
Most of the iodized salt was packed in 12-kg polyethylene bags, and small quantities were packed in 1-kg and 0.5-kg bags. At the production site, the packages were well labelled with the production site and date as well as the iodination level. However, in the market and shops, the salt is transferred into simple, unlabelled 500-g plastic bags, making it impossible to trace the specifications at the consumer level. Furthermore, legislation on universal salt iodization was initiated by a decree on 20 May 1995 that gave a new impetus to the programme for the control or elimination of iodinedeficiency disorders [15] .
At the end of 1996, in a few selected schools, we conducted a brief epidemiological, biochemical, and operational assessment of the severity of iodinedeficiency disorders, as well as the level of implementation of the iodized salt programme one year after its start and six months after full implementation of this national preventive programme at the major salt factories. These data were analysed taking into consideration other information gathered during the fieldwork and through discussions with many authorities. We also compared our data with those obtained in 1993 during the national survey [Gutekunst R, personal communication, 1993].
Materials and methods

Status of iodine-deficiency disorders
The areas for the survey were selected in order to document the prevalence of iodine-deficiency disorders both in the northern mountainous area, previously known as a region of severe iodine-deficiency disorders, and in the south, where only moderately low urinary iodine concentrations had been recorded earlier. They were also chosen for their relatively easy access by air or road. Seven schools were surveyed. Two of the schools were located in Luang Prabang Province in the northern mountains. Three were in Champasak Province and two in Salavan Province, both of which are situated in the southern tropical lowland plain near the Bolaven plateau.
The epidemiological and biochemical evaluation of iodine-deficiency disorders included goitre palpation and determination of urinary iodine. Goitre palpation was performed in 957 schoolchildren by the same investigator (M. Coppens). According to the new guidelines recommended by WHO/UNICEF/ICCIDD [16] , the assessment of goitre prevalence was confined to 6to 11-year-old children in equal numbers from the different schools. The total goitre rate (TGR) was defined as the sum of cases of grades 1 and 2 goitre according to the new goitre classification [16] . For this work, the prevalence of clinically visible goitre (CVG) was also assessed, including grades IB, II, and III of the former classification [17] .
At least 30 urine samples were collected at random from each school (except for one school in Champasak). Iodine concentrations were measured at the laboratory of the National Iodine-Deficiency Disorders Control Programme in the Hospital of Endocrinology in Hanoi, using the method of Wawchinek as modified by Dunn et al. [18] . The median urinary iodine concentrations were calculated, and the distribution of urinary iodine concentrations was compared with international targets for the elimination of iodine-deficiency disorders as a public health problem (at least 80% of the samples should have more than 50 µg of iodine per litre of urine, and at least 50% should have more than 100 µg of iodine per litre of urine).
Iodized salt
The teachers in the schools instructed the children to bring salt from their homes for testing. In all, 318 salt samples were examined in the field with a rapid qualitative test kit for iodated salt (MBI Chemicals, Madras, India). The test results were used to calculate the amount of iodine in salt used at the consumer level. Salt was considered adequately iodized if at least 15 ppm was indicated on the colour chart.
For 132 children, the iodine content of the salt used in their homes was also determined by quantitative titra-tion. These results were related to the urinary iodine concentrations of the corresponding children. The median urinary iodine concentrations were calculated in four groups of these children according to the iodine content of the salt consumed in their homes: noniodized (< 5 ppm), insufficiently iodized (5-14 ppm), adequately iodized (15-45 ppm), and over-iodized (> 45 ppm).
To assess the range of the iodine content in salt at the production level, 30 paired samples were taken from a production line (lot of 4 tons) at an iodination plant near Vientiane and analysed both with the qualitative test kit and by quantitative titration.
Analysis of data
EPI-Info 6.3 and StatSoft were used for data analysis. The chi-squared test was used to test the difference of proportions. To test the difference between means, the non-parametric Mann-Whitney U test was used; for the difference between medians, the non-parametric Kruskal-Wallis test for medians was used. The results were presented as ppm (parts per million) of iodine in salt and micrograms of iodine per litre of urine.
Results
The median urinary iodine concentrations in the various regions for the baseline national survey in 1993 and for the present study are shown in table 1. The percentages of urine samples with iodine concentrations above 100 and 50 µg/L were also compared with the usual target defined for iodine deficiency elimination (table 1). In the 1993 survey, the median urinary iodine concentrations were 5, 15, and 22 µg/L in the north-ern, central, and southern regions, respectively. The overall median urinary iodine concentration for the whole country was 11 µg/L, with quite a small percentage of the samples (5% and 13%) above 100 and 50 µg/L, respectively. In 1996 the median urinary iodine concentrations were 85 and 195 µg/L in the northern and southern sites, respectively, which were significantly higher than those found in 1993 (p < .001). There were also much higher percentages of samples above 100 and 50 µg/L, reaching or almost reaching the targets for iodine deficiency elimination. Table 2 shows the median urinary iodine concentration, the total goitre rate (TGR), and the prevalence of clinically visible goitre (CVG) in children 6 to 12 years old for all schools surveyed, together with the percentage of adequately iodized salt samples. The median urinary iodine concentrations reached near normal values in the two schools of the north and in one in the south (85, 85, and 97 µg/L). In the three other schools in the south, they were clearly adequate, being well above 100 µg/L (293, 242, and 166 µg/L). By contrast, the goitre prevalence was still rather high as compared with both the near normal and the normal urinary iodine concentrations. In one village of the northern region (Ban Kiou Mak), goitre prevalence was very high, with a TGR of 71% and a CVG of 39%. Not shown in the table are the high prevalence of large goitres among women and men and the presence of a neurological cretin in this village. For the other six schools studied, TGR ranged from 9% to 40% and CVG from 3% to 13%. The percentage of adequately iodized salt samples was above 80% in all villages except one, where it was 69%. This exception was Ban Kiou Mak, where goitre prevalence was the highest ( fig. 1 ). Figure 2 presents the median urinary iodine concentration for 132 children from all sites together, Among the salt samples collected at the schools that were defined as iodized according to the test kit, 82% reached 15 ppm iodine by titration, a level set as the lower limit at retail and consumption levels. Among these salt samples containing more than 15 ppm iodine, 71% had between 15 and 45 ppm, and 11% had high iodine contents of 45 to 105 ppm.
Not shown in the tables or figures is a slight difference in urinary iodine concentrations as a function of TGR and CVG: the mean urinary iodine concentration was 134 µg/L in children with clinically visible goitre versus 204 µg/L in those with either no goitre or only a small palpable goitre (p < .05). There were no differences in urinary iodine concentration in relation to age or sex. Thyroid size was slightly larger in girls than in boys. TGR was 58% in girls versus 42% in boys (c 2 = 3.4; p = .06), as is usually seen in early puberty. Figure 3 shows the consistency of salt iodization during the production of a single lot (4 tons) at the largest salt production site. A relatively narrow range (17-51 ppm; SD = 9) of salt iodine content was observed, with 90% of the samples between 15 and 45 ppm (30 ± 15 ppm) and the other 10% somewhat skewed to higher values between 45 and 55 ppm. The mean (31 ppm) and the median (28 ppm) iodine concentrations were close to each other and were very close to the mandatory production level (30 ppm) set by the government.
Discussion
Six months to one year after the implementation of a national programme for the control and elimination of iodine-deficiency disorders through universal salt iodization, there was a clear impact on iodine status, which was evident from the urinary iodine concentration in samples collected from schoolchildren in seven schools in the north and the south of the country. Indicators of the quality and coverage of iodized salt in the same areas, together with data gathered at one of the production sites, are in line with this conclusion.
The two indicators of iodine-deficiency disorders measured, urinary iodine and goitre prevalence, do not give entirely similar interpretations. Among the seven schools surveyed, the iodine intake, according to urinary iodine concentrations, was adequate in four and revealed the persistence of relatively mild iodine deficiency in three, whereas much lower median urinary iodine concentrations were seen in similar areas during the 1993 survey. The percentage of urine samples with iodine concentrations above 100 µg/L was satisfactory in the southern schools (77%), whereas the target of 50% was not reached in the urine samples from the north (41%). However, both percentages were much higher than the 5% estimated in the national study of 1993 [14] .
According to goitre palpation, the prevalence of iodine-deficiency disorders ranged from moderate to severe in the northern sites (TGR 20% and 71%) and from mild to moderately severe in the southern sites (TGR 9% to 41%). The discrepancy in the prevalence of iodine-deficiency disorders according to urinary iodine determinations and according to the prevalence of goitre can be explained by several hypotheses, such as the failure of the goitre to regress in size because the iodized salt was introduced recently [14, 17] ; the possibility that in some areas residual salt, which was not iodized, was still being used; the variation in the severity of goitre in different parts of the country before the start of the programme; the presence of goitrogenic factors; and the intraobserver variation of the estimation of goitre size by palpation. Thyroid volume measurements by ultrasonography, now considered as the gold standard, were not available in our survey [17, 19, 20] .
In one remote village of the mountainous northern region, we observed a mild iodine deficiency, on the basis of urinary results, together with a frequency of goitre in schoolchildren that was still high, as well as large goitres in both women and men and the presence of one neurological cretin. The relatively high prevalence of single nodules in these schoolchildren (10%) is probably explained by the previous severity of the deficiency [17] . It is, however, unlikely that women in that particular village would still give birth to infants affected by intrauterine iodine deficiency, because of the mild iodine deficiency revealed in the urine of their children and the relatively good coverage of adequately iodized salt, which was observed to be at least 69% in this village.
Most of the data on salt confirm the adequacy of the iodization process and the good coverage of the programme in the sites surveyed [15] . The apparently good quality of the salt, the new salt-iodization plants, and the relatively short time span of salt storage between production and consumption are all factors that may explain in part the excellent start of this programme.
The association between the median urinary iodine concentrations in children and the iodine contents of their household salt suggests the important role of iodized salt as the main source of their iodine intake. The median urinary iodine concentrations of 172 and 270 µg/L noted in the group of children who consumed iodized salt, as defined, indicated that the 15 ppm used is a satisfactory criterion for the lower limit of iodine in salt at the consumption level.
Although consultations and planning of this control programme started three to five years before its active implementation, it was facilitated by targeted advocacy with the salt producers and awareness raising among health officials and other authorities by WHO/UNICEF/ ICCIDD, together with the provision of salt-iodization equipment appropriate for the salt production sites. Two additional elements of the successful launch of this programme have been the passing of a National Decree on compulsory salt iodization and monitoring undertaken by the Food and Drug Laboratory.
However, some programmes that are successful at the start later fail because of different factors [1, 5, 8, 21, 22] . To make these programmes sustainable, it is essential to strengthen the monitoring process; spot sampling of salt with the recommended LQAS (Lots Quality Assurance Sampling) [7, 22, 23] makes it possible to identify the potential failures, bottlenecks, or constraints that limit the effectiveness of a control programme. The advocacy and social mobilization efforts that started this successful action in Laos do not mean that feedback mechanisms and further social marketing will not be needed to make the programme sustainable in the future. Monitoring the iodized salt programme in the schools by testing the salt from the children's homes in front of the children and the teachers is in itself an important advocacy tool, well targeted to the communities at risk. It creates a form of feedback and guides the level of necessary systematic and ongoing monitoring [6, 8, 19, 20, 22] .
Connections between the capital, Vientiane, and the provinces are still very limited, and access to social services is a major constraint for the socio-economic development of the country [9] . It is possible that the iodized salt programme may not reach some of the worst-affected areas, such as the northern mountainous regions. More information is needed from these remote, vulnerable populations. Moreover, in a country with such long borders as Laos, salt produced in neighbouring countries will easily penetrate into the country [11, 14] . It is important to monitor intercountry salt flows, which are likely with the increasing exchange and development manifested today in the whole Indochinese peninsula. However, the existence of effective salt-iodization programmes in neighbouring countries, such as Thailand, Viet Nam, and China, may alleviate this concern.
The equipment provided and installed for salt iodization that meets the quantitative and qualitative requirements of the country makes the local production of iodized salt in the six main salt plants costeffective. It is hoped that the drum iodization machines will enable the remaining 10% of the salt produced in remote small sites to be iodized in a proper and effective way. The increased cost of iodized salt compared with non-iodized salt is small and probably negligible in comparison to family budgets. Consumer education could make this extra cost more acceptable [21] .
This study demonstrated that within six months to one year of introduction, salt iodization effectively improved the iodine status of the population. This is especially encouraging, given that Laos is one of the 10 poorest countries in the world, and iodine-deficiency disorders have been recognized as a serious public health problem in the country.
